Editor: C. Pulcini

Introduction {#sec1}
============

Over the past decade, respiratory syncytial virus (RSV) has been increasingly recognized as an important pathogen in adults [@bib1], and especially the elderly [@bib2], [@bib3], [@bib4], immunocompromised patients [@bib5], [@bib6] and individuals with underlying chronic respiratory diseases [@bib7], [@bib8]. In the elderly population, RSV is one of the three most common causes of respiratory disease, along with influenza virus and rhinovirus [@bib3], [@bib7].

Respiratory virus detection has improved with the development of highly sensitive and specific molecular methods, which are providing interesting new epidemiological information. However, for reasons of cost and the lack of RSV-specific antiviral drugs, adult inpatients with influenza-like illness (ILI) are frequently not tested for RSV but rather only tested for influenza virus. Influenza surveillance systems based on ILI and acute respiratory illness definitions are unsuitable for capturing cases of RSV in children and adults [@bib9], [@bib10], [@bib11]. More studies are needed to determine the burden of RSV infection, and to characterize at-risk populations that could be targeted by vaccination and antiviral treatment. The aims of this study were to describe (a) the prevalence, (b) the clinical features, and (c) the outcome of RSV infection in adults hospitalized with ILI.

Materials and methods {#sec2}
=====================

Study design {#sec2.1}
------------

We analysed cases of laboratory-confirmed RSV infection during three consecutive influenza seasons (2012/13, 2013/14 and 2014/15), in a post hoc analysis of patients hospitalized with ILI in the FLUVAC study. FLUVAC is a French prospective observational study of influenza vaccine efficacy conducted in six university hospitals (Cochin Hospital, Paris; Bichat Hospital, Paris; Pontchaillou Hospital, Rennes; Limoges Hospital; University Hospital, Montpellier; Edouard Herriot Hospital, Lyon). The FLUVAC study design is further described in Rondy *et al.* and Loubet *et al.* [@bib12], [@bib13]. Each season, enrolments take place during periods of influenza circulation (from November to March). Data on adults hospitalized for at least 24 h for ILI, with symptom onset \<7 days before sampling, were collected. ILI was defined as a combination of the following: (a) at least one of the following systemic symptoms: fever (≥38°C), headache, myalgia or malaise, and (b) at least one of the following respiratory symptoms: cough, sore throat or dyspnoea [@bib14]. Each participant was interviewed, and nasopharyngeal samples were obtained at enrolment.

Study population and data collection {#sec2.2}
------------------------------------

We collected demographic characteristics, chronic underlying diseases and their treatments, the characteristics of the current ILI episode: clinical presentation, hospitalization ward, the length of hospital stay and outcome (occurrence of complication, intensive care unit admission and death). Data were retrieved from the medical charts, interviews with the patients and families, and laboratory databases. All variables collected are detailed in the Supplementary material ([Appendix S1](#appsec1){ref-type="sec"}).

Laboratory data {#sec2.3}
---------------

Respiratory viruses were detected in nasopharyngeal swabs from all the patients by means of multiplex RT-PCR. Any bronchoalveolar lavage fluid samples or tracheal aspirates ordered by the physician in charge were also tested.

Samples were first tested in the virology laboratory of each participating hospital by means of real-time influenza A and B PCR after manual nucleic acid extraction. All samples were then sent to the French National Influenza Reference Centre (CNR-Lyon) for influenza confirmation and screening for other respiratory viruses. RNA and DNA were extracted with the automated Easymag system from BioMérieux (Marcy l'Etoile, France), and influenza viruses were detected with an in-house real-time RT-PCR protocol [@bib15]. The samples were also screened for a panel of other respiratory viruses (adenoviruses, bocaviruses, coronaviruses, human metapneumovirus, parainfluenza viruses 1--4, picornavirus and RSV) by real-time PCR using the Respiratory Multiwell System r-gene^®^ on an ABI 7300 analyser.

Statistical analysis {#sec2.4}
--------------------

We first described the characteristics of all the patients hospitalized with ILI. Then, univariate analysis was used to compare RSV-positive patients with (a) RSV-negative patients (including patients infected by other respiratory viruses and patients free of viral infection) and (b) influenza virus-positive patients. Quantitative variables were expressed as mean and standard deviation (SD) or median and interquartile range (IQR), and qualitative variables as number and percentage. We used the Wilcoxon rank sum test or Fisher's exact test for univariable comparisons. Missing data for each variable were excluded from the denominator.

Factors associated with RSV infection were identified by using RSV-negative individuals as the comparison group. Individuals with influenza virus and RSV co-infection were excluded from the analysis. We used a backward stepwise logistic regression model, with RSV test results (positive/negative) as the dependent variable. All covariates with a p value \<0.2 in univariate analysis were tested in the multivariate model, namely age (considered as a binary variable (\<65 and ≥65 years)), dyspnoea, fever, myalgia, chronic lung disease, cancer (solid and haematological malignancies), diabetes, chronic renal failure, and immunosuppressive treatment. Factors associated with pneumonia onset were analysed among all ILI patients. Individuals with influenza virus and RSV co-infection were excluded from the analysis. We used a backward stepwise logistic regression model in which pneumonia (positive/negative) was the dependent variable. Covariates with a p value \<0.2 in univariate analysis were tested in the multivariate model, namely age (considered as a continuous variable), chronic heart disease, chronic respiratory disease, cancer (solid and haematological malignancies), diabetes, chronic renal failure, immunosuppressive treatment, RSV infection, influenza virus infection, and influenza vaccination. The final model was adjusted for chronic respiratory disease and age because of their known role in the onset of pneumonia. Results from both regression models were expressed as odds ratios (OR) and adjusted ORs (aOR) with their 95% CI. A p value of ≤0.05 was considered statistically significant. All analyses used [Stata]{.smallcaps} software (V12, © Copyright 1996--2014 StataCorp LPt, College Station, TX, USA).

Ethics {#sec2.5}
------

The FLUVAC study (clinicaltrials.gov [NCT02027233](NCT02027233){#intref0010}) respected Good Epidemiological and Clinical Practices in Clinical Research, and the Declaration of Helsinki, and was approved by regional ethics committees. All the study participants gave their informed consent for respiratory virus testing.

Results {#sec3}
=======

Characteristics of the patients with ILI, and virus distribution {#sec3.1}
----------------------------------------------------------------

Overall, 1452 patients hospitalized with ILI were included during the three periods of influenza circulation ([Fig. 1](#fig1){ref-type="fig"} ). Median age was 70 years (IQR 54--82), 83% of patients (1211/1452) had at least one chronic underlying disease (mainly chronic respiratory disease or chronic heart disease), 46% of patients (661/1452) had already been hospitalized in the previous 12 months, and 45% of patients (644/1431) had been vaccinated against influenza in the respective season.Fig. 1Study flowchart.

Among the 1452 patients tested, 777 patients (777/1452, 54%) were positive for at least one respiratory virus. Fifty-nine cases of RSV infection were detected in total (4% (59/1452) of patients with ILI, 8% (59/777) of patients with at least one respiratory virus), 21 in 2012/13, 13 in 2013/14 and 25 in 2014/15 ([Table 1](#tbl1){ref-type="table"} , [Fig. 2](#fig2){ref-type="fig"} ).Table 1Number and percentage of patients hospitalized with influenza-like illness who tested positive for respiratory syncytial virus (RSV), influenza virus or any respiratory virusSeasonAt least one respiratory virus detected, *n* (%)RSV\
*n* (%)Influenza\
*n* (%)2012/13 *n* = 448226 (50)21 (5)162 (36)2013/14\
*n* = 407188 (46)13 (3)112 (28)2014/15\
*n* = 597363 (61)25 (4)292 (49)Total\
*n* = 1452777 (54)59 (4)566 (39)Fig. 2Monthly distribution of respiratory syncytial virus infections in the FLUVAC study.

Respiratory syncytial virus was the third most frequent virus, after influenza virus (39% (566/1452) of patients with ILI, 73% (566/777) of patients with at least one virus) and picornavirus (5% (68/1452) of patients with ILI, 9% (68/777) of patients with at least one virus). The other detected viruses were coronavirus (3.5% (51/1452) and 7% (51/777) respectively), human metapneumovirus (3% (41/1452) and 5% (41/777)), adenovirus (1% (18/1452) and 2% (18/777)) and bocavirus (0.5% (8/1452) and 1% (8/777)). Six patients (6/1452, 0.4%) were diagnosed with both influenza virus and RSV infection and so were removed from further analyses.

Characteristics and outcome of RSV-positive patients {#sec3.2}
----------------------------------------------------

The median age of the 53 patients with RSV infection alone was 74 years (IQR, 61--84) ([Table 2](#tbl2){ref-type="table"} ). Chronic underlying diseases were present in 45 cases (45/53, 85%), and consisted mainly of chronic respiratory diseases (29/53, 55%), chronic heart disease (24/53, 45%) and cancer (18/53, 34%; 12 solid tumours, 6 haematological malignancies). Fifteen patients (15/53, 28%) were on immunosuppressive therapy. Twenty-six patients (26/53, 49%) had been hospitalized in the previous year, an average of 1.4 times (SD 2.3).Table 2Characteristics, clinical presentation and outcome of patients hospitalized with influenza virus or respiratory syncytial virus (RSV) infection between 2012 and 2015 in six French university hospitals (excluding patients infected with both RSV and influenza virus).RSV +\
(*n* = 53)RSV--\
(*n* = 1393)p [a](#tbl2fna){ref-type="table-fn"}Influenza+\
(*n* = 560)p [b](#tbl2fnb){ref-type="table-fn"}**Baseline characteristics**Men, *n* (%)29/53 (55)751/1393 (54)1.0284/560 (51)0.7Median age, years (IQR)74\
(61--84)70\
(54--82)0.1368\
(52--81)0.05Age ≥65 years, *n* (%)35/53 (66)825/1393 (59)0.39321/560 (57)0.24Median BMI, kg/m^2^ (IQR)23.4 (20.8--27.7)24.8 (21.5--28.7)0.1524.8 (21.8--28.4)0.14Chronic diseases (at least one)45/53 (85)1162/1393 (83)1.0466/560 (83)0.85 Chronic respiratory disease29/53 (55)630/1391 (45)0.21249/559 (45)0.2 Chronic heart disease24/53 (45)584/1391 (42)0.67231/559 (41)0.66 Diabetes8/53 (15)349/1391 (25)0.11139/559 (25)0.13 Chronic renal failure11/53 (21)182/1391 (13)0.1569/559 (12)0.09 Solid cancer12/53 (23)152/1391 (11)0.0149/559 (9)0.003 Haematological malignancy6/53 (11)67/1393 (5)0.0425/559 (4)0.04 Cirrhosis031/1391 (2)0.6310/559 (2)1.0Immunosuppressive treatment15/53 (28)205/1393 (15)0.0178/560 (14)0.01Pregnancy020/957 (2)1.09/421 (2)1.0Current smokers31/53 (58)693/1377 (50)0.27271/551 (49)0.25Influenza vaccination in current season31/53 (58)610/1373 (44)0.05234/555 (42)0.03ICU admission8/53 (15)205/1393 (15)0.8581/560 (14)0.84Hospitalization in the previous 12 months26/53 (49)634/1389 (45)0.67246/559 (44)0.56Mean number of hospitalizations in the previous 12 months (SD) among patients hospitalized at least once1.4 (2.3)1.1 (2.3)0.371.0 (2.1)0.24Presence of children \<5 years old in household0108/1393 (8)0.0354/560 (10)0.01**Clinical presentation**Median time from symptom onset to hospitalization, days (IQR)2 (1--3)2 (1--3)0.652 (1--3)0.35 Fever (≥38°C)44/53 (83)1146/1392 (82)1.0501/560 (89)0.17 Cough43/53 (81)1087/1392 (78)0.74457/560 (82)1.0 Dyspnoea45/53 (85)1040/1393 (75)0.11408/560 (73)0.07 Sudden symptom onset12/31 (39)400/819 (48)0.28139/271 (51)0.26 Weakness/malaise12/53 (23)435/1393 (31)0.22173/560 (31)0.27 Headache10/53 (19)351/1392 (25)0.34147/560 (26)0.32 Myalgia6/53 (11)315/1391 (23)0.06124/559 (22)0.08**Outcome and treatment**At least one complication during the hospital stay30/52 (58)635/1390 (46)0.09275/560 (49)0.25 Pneumonia23/52 (44)362/1390 (26)0.006157/560 (28)0.02 Respiratory failure15/52 (29)297/1390 (21)0.23130/560 (23)0.39 Acute heart failure10/52 (19)180/1390 (13)0.2180/560 (14)0.31 Acute respiratory distress syndrome7/52 (13)119/1390 (9)0.2156/560 (10)0.47Median length of stay, days (IQR)9 (6--25)9 (4--22)0.410 (5--23)0.74Death4/53 (8)62/1393 (4)0.323/560 (4)0.28[^1][^2][^3]

The median time from symptom onset to admission was 2 days (IQR, 1--3). Cough (43/53, 81%), fever (44/53, 83%) and dyspnoea (45/53, 85%) were the main symptoms in patients with RSV infection.

The median length of hospital stay was 9 days (IQR 6--25). A total of 55 medical complications occurred in 30 patients (30/52, 58%) during their hospital stay, including pneumonia (23 episodes, 42% (23/55) of complications), respiratory failure (15/55, 27%), heart failure (10/55, 18%), and acute respiratory distress syndrome (7/55, 13%). Intensive care unit admission was necessary for eight patients (8/53, 15%). Four patients (4/53, 8%) died during the hospital stay; all of them were men \>65 years old with chronic respiratory diseases. Furthermore, three patients had chronic heart disease. The mean time from admission to death was 13 days (SD 2.9).

RSV-positive patients versus RSV-negative patients and influenza virus-positive patients {#sec3.3}
----------------------------------------------------------------------------------------

Patients with RSV were older than patients with influenza virus (74 years (IQR 1--84) versus 68 years (IQR 52--81), p 0.05) ([Table 2](#tbl2){ref-type="table"}).

Patients with RSV were more likely to have cancer or immunosuppressive treatment than patients without RSV (respectively 34% (18/53) versus 16% (219/1393), p 0.002; 28% (15/53) versus 15% (205/1393), p 0.003) and influenza virus-positive patients (34% (18/53) versus 13% (74/560), p 0.004; 28% (15/53) versus 14% (78/560), p 0.01).

Multivariate analysis of all patients with ILI showed that cancer (OR 2.1; 95% CI 1.1--4.1, p 0.04) and immunosuppressive treatment (OR 2.0; 95% CI 1.1--3.8, p 0.03) were significantly associated with RSV detection ([Table 3](#tbl3){ref-type="table"} ).Table 3Factors associated with respiratory syncytial virus (RSV) infection in multivariable logistic regression (excluding patients infected with both RSV and influenza virus)Crude OR\
(95%CI)pAdjusted OR\
(95% CI)pAge ≥65 years1.3 (0.8--2.4)0.39Chronic respiratory disease1.5 (0.8--2.5)0.21Diabetes0.5 (0.2--1.1)0.11Chronic renal failure1.7 (0.9--3.4)0.15Cancer2.4 (1.2--4.6)0.012.1 (1.1--4.1)0.04Immunosuppressive treatment2.3 (1.2--4.2)0.012.0 (1.1--3.8)0.03Malaise at presentation0.6 (0.3--1.2)0.22Dyspnoea at presentation1.9 (0.9--4.1)0.11Myalgia at presentation0.4 (0.2--1.0)0.06Influenza vaccination1.7 (1.0--2.9)0.05[^4]

The patients with RSV and influenza virus infection did not differ in terms of the length of stay, ICU admission or mortality.

After adjustment for chronic respiratory disease and age, we found that RSV infection (OR 2.1; 95% CI 1.2--3.8, p 0.008), chronic renal failure (OR 1.8; 95% CI 1.3--2.5, p 0.001) and active smoking (OR 1.3; 95% CI 1.0--1.7, p 0.02) were significantly associated with the onset of pneumonia ([Table 4](#tbl4){ref-type="table"} ).Table 4Factors associated with pneumonia occurrence (*n* = 385) among hospitalized patients with influenza-like illness in multivariable logistic regression (excluding patients infected with both respiratory syncytial virus (RSV) and influenza virus)*n*/*N* (%)Crude OR\
(95% CI)pAdjusted OR\
(95% CI)pAge[a](#tbl4fna){ref-type="table-fn"}---1.1 (0.9--1.5)0.201.0 (0.9--1.1)0.20Chronic respiratory disease0.70.9 No206/784 (26)11 Yes179/657 (27)1.1 (0.8--1.3)1.0 (0.8--1.2)Chronic cardiac disease0.03------ No205/835 (25)1 Yes180/606 (30)1.3 (1.0--1.6)Diabetes0.9------ No291/1025 (27)1 Yes94/356 (26)0.9 (0.7--1.3)Chronic renal failure0.0010.001 No313/1249 (25)11 Yes72/192 (38)1.8 (1.3--2.5)1.8 (1.3--2.5)Cancer0.15------ No314/1210 (26)1 Yes71/232 (31)1.3 (0.9--1.7)Immunosuppressive treatment0.6------ No323/1222 (26)1 Yes62/220 (28)1.1 (0.8--1.5)Influenza vaccination0.5------ No205/783 (26)1 Yes177/640 (28)1.1 (0.9--1.4)Active smoking0.020.02 No170/705 (24)11 Yes212/722 (29)1.3 (1.0--1.7)1.3 (1.0--1.7)RSV infection0.0050.008 No362/1390 (26)11 Yes23/52 (44)2.3 (1.3--3.9)2.1 (1.2--3.8)Influenza virus infection0.4------ No228/882 (26)1 Yes157/760 (28)1.1 (0.9--1.4)0.4[^5][^6][^7]

Discussion {#sec4}
==========

In this study conducted during three consecutive influenza seasons among 1452 adults hospitalized for ILI in France, RSV was the third most common respiratory virus, being detected in 4% of patients, compared with 39% for influenza virus. This rate is lower than that found in the USA by Sundaram *et al.* in a community-based cohort of adults aged \>50 years during six influenza seasons (184/2225, 8%) [@bib3], or by Falsey *et al.* among community-based elderly individuals from 14 countries with moderate to severe ILI (41/556, 7%) [@bib7]. In the latter study, the rate was even higher (8/64, 12.5%) among hospitalized patients. In another study, Falsey *et al.* reported a 10% (142/1388) prevalence of RSV among adults aged ≥65 years or with underlying cardiopulmonary diseases who were admitted with acute respiratory symptoms during four consecutive winters in Rochester, NY [@bib1]. Several reasons may explain the broad range of reported RSV detection rates. For example, our study was restricted to periods of influenza virus circulation, which may not have included the peak of RSV circulation, although enrolments in the two studies by Falsey *et al.* started in mid-November. Another factor is age: we included all adults \>18 years, whereas Sundaram *et al.* and Falsey *et al.* included only older subjects, in whom RSV infection may be more frequent. Furthermore, the laboratory methods used in the Rochester study included viral culture and serological tests, and RT-PCR was the only positive test in only two-thirds of cases. Finally, the clinical definition used to trigger swab collection also differed among the studies.

The median age of the RSV-infected patients in our study was 74 years but, contrary to other studies, we found no association between RSV infection and older age [@bib3], [@bib16], [@bib17]. Most of the patients with RSV infection had chronic underlying conditions (45/53, 85%), consisting mainly of chronic respiratory disease (29/53, 55%) or chronic heart disease (24/53, 45%). This is consistent with the report by Walsh *et al.* that underlying pulmonary disease was a significant risk factor for severe RSV illness requiring hospitalization [@bib18].

We found that the two underlying conditions independently associated with RSV infection were cancer and immunosuppressive treatment. This association was statistically significant whether RSV-positive patients were compared with all RSV-negative patients or only with influenza virus-positive patients. Although immunocompromised patients (especially patients with haematological malignancies) are known to be more susceptible to RSV infection [@bib19], solid cancers and immunosuppressive therapy are not classical risk factors.

Respiratory syncytial virus was associated with significant morbidity: the median length of hospital stay was 9 days; 15% (8/53) of RSV-infected patients were admitted to the intensive care unit, and 8% (4/53) died. These findings are consistent with the literature [@bib1], [@bib20]. Similar percentages were noted in the influenza group of our study. Patients with RSV were significantly more likely than patients with influenza or without RSV to develop pneumonia (44% versus 28% and 26%, respectively). Falsey *et al.* and Lee *et al.* also found a high rate of pneumonia among 159 RSV-infected patients \>65 years admitted for ILI in the USA (70/159, 44%) and among 607 RSV-infected adults admitted to three hospitals in Hong Kong (261/603, 43%) [@bib20], [@bib21]. Jain *et al.* [@bib22] found at least one respiratory virus in 23% of 2259 American adults with community-acquired pneumonia requiring admission to one of five participating hospitals between 2010 and 2012. RSV was found in 3% (67/2259) of all patients.

The strengths of this study include the large number of adults hospitalized with ILI, the prospective multicentre design, standardized patient screening in the participating centres, centralized confirmation of respiratory viruses in an influenza reference centre and the lengthy study period spanning three consecutive influenza seasons. Several limitations must, however, be acknowledged. First, as all the participating centres were teaching hospitals, the proportion of patients with underlying diseases may have been higher than in the general ILI population, owing to a referral bias. Second, although the sample was large, the study was probably underpowered to identify a possible impact of RSV on morbidity and mortality in multivariate analysis. Third, the ILI definition used here captures only a subset of RSV infections [@bib10]. Our study does not reflect the real burden of severe RSV infection, which may include other clinical manifestations. Fourth, we report post hoc results of the FLUVAC study, which was not designed to answer this research question. Indeed, as the FLUVAC study was designed to assess influenza vaccine efficacy, patients were enrolled during periods of influenza virus circulation, which differ slightly from periods of RSV circulation. This means that our data reflect the prevalence of RSV among patients hospitalized for ILI during periods of influenza virus circulation and not during peak RSV circulation, which usually occurs earlier, owing to epidemiological interference [@bib23]. However, French surveillance data (RENAL system) show that the peak of the RSV epidemic overlapped with the beginning of influenza virus circulation during the three seasons of interest, and that the two viruses co-circulated for at least 2--3 weeks ([Fig. 3](#fig3){ref-type="fig"} ).Fig. 3Respiratory syncytial virus and influenza virus circulation in France during the 2012/13 (a), 2013/14 (b) and 2014/15 (c) seasons (data from the GROG, RENAL and Sentinelles surveillance networks) (arrows correspond to the start and end of fluvac study period).

In conclusion, this prospective observational study conducted in France during three influenza seasons reveals that 4% of adults hospitalized for ILI had RSV infection, of whom 58% developed cardiopulmonary complications and 8% died. It also shows that elderly individuals and patients with cancer and/or immunosuppressive treatment are more likely to have RSV isolated when hospitalized for ILI. Potential benefits of enhanced RSV testing, antiviral treatment, and vaccine development in these groups should be considered.
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[^1]: Abbreviations: BMI, body mass index; IQR, interquartile range

[^2]: Comparison between RSV+ and RSV-- patients.

[^3]: Comparison between RSV+ and influenza virus+ patients.

[^4]: The outcome analysed was RSV infection.

[^5]: The outcome analysed was the occurrence of pneumonia during the hospital stay (*n* = 385).

[^6]: The multivariate model was adjusted for \'chronic respiratory disease\' and \'age \>65\'.

[^7]: Continuous variable.
